











AERODYNAMIC LOADING CHARACTERISTICS AT MACH
NUMBERS FROM 0.80 TO 1.20 OF A 1/10-SCALE
THREE-STAGE SCOUT MODEL
















AERODYNAMIC LOADING CHARACTERISTICS AT MACH
NUMBERS FROM 0.80 TO 1.20 OF A I/IO-SCALE
THREE-STAGE SCOUT MODEL
By Thomas C. Kelly
SUMMARY
Aerodynamic loads results have been obtained in the Langley 8-foot
transonic pressure tunnel at Mach numbers from 0.80 to 1.20 for a
1/10-scale model of the upper three stages of the Scout vehicle. Tests
were conducted through an angle-of-attack range from -8 ° to 8° at an
average test Reynolds number per foot of about 4.0 × 106 .
Results indicated that the peak negative pressures associated with
expansion corners at the nose and transition flare exhibit sizeable
variations which occur over a relatively small Mach number range. The
magnitude of the variations may cause the critical local loading condi-
tion for the full-scale vehicle to occur at a Mach number considerably
lower than that at which the maximum dynamic pressure occurs in flight.
The addition of protuberances simulating antennas and wiring conduits
had slight, localized effects. The lift carryover from the nose and
transition flare on the cylindrical portions of the model generally
increased with an increase in Mach number.
INTRODUCTION
The Scout program of the National Aeronautics and Space
Administration_ established to provide a vehicle for space research
capable of orbital, probe, and reentry missions, has resulted in the
development of a four-stage solid-fuel rocket that has a high degree
of dependability and is relatively economical and simple in handling
and launching. As part of the vehicle development program, tests have
been conducted in the Langley 8-foot transonic pressure tunnel to deter-
mine the static aerodynamic force and loading characteristics for the
vehicle. Force test results for a number of Scout and related configura-
tions are available in references i to 7.
This paper contains results of an aerodynamic loads investigation
of a I/lO-scale model of the upper three stages of the Scout vehicle.
Tests were conducted through a Machnumberrange from 0.80 to 1.20 and
an angle-of-attack range from -8° to 8° . Reynolds numbersper foot for





















Reynolds number per foot
longitudinal distance, measured fro_ nose cone apex
lateral distance, measured from body center line
angle of attack of body center line
orifice row orientation angle, measured clockwise from the












body section normal-force coefficient,
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APPARATUS AND TESTS
Model
A drawing of the i/lO-scale three-stage Scout model is presented
as figure i. The pressure-distribution model was obtained by modifying
the force-test model used for the investigation of reference 6 through
the installation of a single orifice row which extended the length of
the model along the top. Four orifices were also installed in the right
wiring tunnel (see fig. i). locations of the various orifices are given
in table I, and model photographs are provided in figure 2.
Tests and Procedure
Tests were conducted in the Langley 8-foot transonic pressure tun-
nel at Mach numbers from 0.80 to 1.20 and through an angle-of-attack
range from -8 ° to 8° . Tunnel stagnation pressure was maintained at
approximately 2_120 pounds per square foot. Test Reynolds numbers per
foot varied from about 3.8 X 106 at a Mach number of 0.80 to 4.2 x 106
at a Mach number of 1.20. (See fig. 3.)
Although only a single orifice row was employed for these tests,
an attempt was made to obtain the local pressure distributions cor-
responding to three orifice meridian rows on the Scout vehicle by
rotating the model and either adding or removing protuberances in order
to arrive at a simulation as close to the actual vehicle as was possible
for the particular orifice row orientation angle being tested. Table II
has been prepared to show the various protuberance conditions for each
orifice row orientation tested.
For the simulated Scout configuration, tests were conducted at
orifice row orientation angles of 0°, 90o , and 180 ° (measured clockwise
from the vertical as viewed from the front) with the protuberances
arranged as listed in table II. In addition to the body with protuber-
ances, tests were madefor the body alone with orifice row orientation
angles of 0°, 30° , and 60° .
All tests were conducted with fixed trar_sitlon. The transition
strips were 0. i inch wide, located with the leading edge at body sta-
tion 2.55 inches, and were composedof number80 carborundumgrains
set in a plastic adhesive.
Boundary Interference Effects
Effects of subsonic boundary interference in the slotted test sec-
tion are considered to be negligible and no corrections for these effects
have been applied. At supersonic speeds, the data are generally affected
by boundary-reflected disturbances which occur at Machnumbersfrom
slightly over 1.03 to those at which the disturbances are reflected
downstreamof the model base. For the present tests, the model length
and tunnel power restrictions precluded the 6ttainment of a Machnumber
at which the model would be reflection-free. However, estimates have
indicated that the model pressure distributions would be free of
reflected wall disturbances forward of model station 36 inches at a








Results obtained in the present investigation are presented in the
form of local pressure coefficients, body section normal-force coeffi-
cients, and overall body normal-force and pitching-moment coefficients.
Pressure coefficients for all model configurations and test condi-
tions are presented in tables III and IV. Representative plots of some
of these results are given in figures 4 to 8 _nd are arranged to show
general effects of Mach number, the addition of protuberances, and angle
of attack.
It should be noted that pressure coefficients for the model nose
stagnation orifice (x/_ = 0.024) although included in the tables are
not presented on the plots.
For the present investigation it was possible, through the proper
combination of data from various test conditions for the body alone,
to simulate the pressure distribution completely about the body at
angles of attack of 4° and 8° . These results were then machine integrated
in order to obtain body section normal-force coefficients which are
presented in table V and (multiplied by a diameter ratio) in figure 9-
Overall body normal-force and pitching-moment results, obtained by
manual integration of the body section normal-force plots, are based on
a body cross-sectional area of 0.0524 square foot and a length of
3.10 inches (maximumbody cylindrical diameter) and are given in fig-
ure i0. The momentreference center location is shownin figure i.
DISCUSSION
Simulated Scout Model
The effects of increasing Machnumberon the local pressure coef-
ficients for the simulated Scout model are shownin figure 4. Comparison
of the results indicates the main effects of varying Machnumber to be
rapid increases and decreases in the negative pressure peaks associated
with the nose and transition flare rear corners and the general broad-
ening of these peaks as the Machnumber is increased. Evident also is
the change in the general type of flow over the transition flare from
that at a Machnumberof 0.80, where the effects of the compression
and expansion corners are felt somewhatupstream, to the condition at
a Machnumberof 1.20_ where the changes are abrupt and are associated
with compression and expansion waves at the corners.
Comparisonof the pressure coefficients measuredon the right
wiring tunnel (which is rolled 45° with respect to the main orifice row;
see fig. i) with those measuredon the body at similar longitudinal
stations (fig.4(b)) indicates only slight variations in the local pres-
sures between the two locations.
Figure 5 illustrates the rapid changes in local pressure coeffi-
cient which occur near the rear corner of the transition flare. Shown
are the variations in pressure coefficient with Machnumber for the two
orifice locations immediately behind the flare corner. In order to
indicate the abrupt nature of these variations, the change in Machnum-
ber for a one-second time interval, obtained from telemeter information
for an early Scout firing, is noted. In addition to the extremely
rapid buildup of the pressure peaks, the curves indicate a second point
of interest in the magnitude of the peaks. Since the local loadings
are a function of both the pressure coefficient and the dynamic pres-
sure, it is apparent from figure 5 that the critical local loading
condition for the full-scale vehicle may occur at a Machnumbersub-
stantially lower than that at which the maximumdynamic pressure occurs
in flight.
The effects of protuberances (antennas md wiring tunnels) are
shownin figure 6 for an orifice row orienta_ion angle of 0° and an
angle of attack of 0° and are seen to be rel_tively slight and localized.
Body Alone
Results for the body with all protubera:ices removed are presented
for several Mach numbers in figure 7 and indicate effects similar to
those noted earlier for the simulated three-_tage Scout model. The
effects of angle of attack are shown in figure 8 for an orifice row
orientation angle of 0° and indicate that thc_ most noticeable variations
with angle occur over the nose_ transition flare_ and model base flare,
as would be expected. Variations of body section normal-force coeffi-
cient (multiplied by a diameter ratio) with longitudinal body station
are presented for several Mach numbers in fii_ure 9- The results indi-
cate that the nose and flares are carrying mc_st of the lift as would be
expected. Of interest also is the fact that the lift carryover on the
cylindrical portions of the model just rearw_Lrd of the nose and transi-
tiom flare generally increases with an incre_se in Mach number.
Figure i0 presents comparisons of the present results obtained from
integrations of the plots given in figure 9 with force-test results
presented in reference 6. It may be noted t}_at good agreement is







Results of tests of a i/lO-scale model c,f the upper three stages
of the Scout vehicle made to determine the a_rodynamic loading charac-
teristics at transonic speeds have indicated the following:
i. Peak negative pressures associated with expansion corners at
the nose and transition flare exhibit sizeable variations which occur
over a relatively small Mach number range. [he magnitude of the varia-
tions may cause the critical local loading cc,ndition for the full-scale
vehicle to occur at a Mach number considerabJy lower than that at which
the maximum dynamic pressure occurs in flighl.
2. The addition of protuberances simulating antennas and wiring
conduits had generally slight, localized effects.
3. The lift carryover from the nose and transition flare to the
cylindrical portions on the model generally increased with an increase
in Machnumber.
Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 22, 1961.
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8TABLE I.- MODEL ORIFICE LOCATIONS
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These orifi,es covered by radar antenna for _ = 0° and 180°,
simulated Scout model
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TABLE III- PRESSURE COEFFICIENTS FOR SIMULATED SCOUT MODEL - Continued
@=0°; a= -4 °







































































































































































































































































































































































































4= 0°_ ,,,=0 °

















































































































































































































































































TABLE III- PRESSURE COEFFICIENTS FOR SIMULATED SCOUT MODEL - Continued
_=0°; e=4 °






























































































































































































































































































































































TABLE III.- PRESSURE COEFFICIENTS FOR SIMULATE[ SCOUT MODEL - Continued
_= 90°:, e=-4 °












































































































































































































































































































































































TABLE III.- PRESSURE COEFFICIENTS FOR SIMULATED SCOUT MODEL - Continued
¢:90°; a=O °








































































































































































































































































































































































TABLE III.- PRESSURE COEFFICIENTS FOR S]3@JLAT_]D SCOUT MODEL - Comtinued
_=90°:, a: 4 °



























• 359 I -,034






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































_=180°_ a= -4 °












































































































































































































































































































































































































































































































































































































































TABLE III.- PRESSURE COEFFICIENTS FOR SIMULATED SCOUT MODEL - Continued
@=180°_a= 4 °





























































































































































































































































































































































































































































































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE
a: 8°






























































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
[_=0°; ,1=- 4 °
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TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
¢=0°_ ,,,=0 °



































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
a=-8 °






























































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
4'- 30°; a =- 40































































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODf ALONE - Continued
¢=50°_ a=O °




























































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
a=4°










































































































































































































































































































































































































































































































































































































TABLE iV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Continued
¢=60°; a=-8 °































































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR _ODY ALONE - Continued
_=60°; a=--4 °

































































































































































































































































































































































































































































































































































































TABLE ]V.- } Rt-,_,.,URL COEFFICIENTS FOil BO)Y ALONE - Continued
q_-=60° ; a---4 °



























































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR BODY ALONE - Concluded
_=60°; a=8 °
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TABLE V.- SECTION NOBNAL-FORCE COEFFICIENTS FOR































































































































































































































































































































































































































































.I .2 .3 .4 .5 .6 .7 .8 .9 1.0
Longitudinalstation,xl_/
(_) _ = oo.
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-_---_-_Ohange in Mach number for one-second interval
.8 .9 1.0 I.I 1.2 1.3
Moch number, M
Figure 5.- Variation of local pressure coefficient with Math number for




























"Z+O .I .2 .:5 .4 .5 .6 .7 .8 .9 1.0
Longitudinal station, x/_
Figure 6.- Effect of protuberances on local pressure coefficients for the
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.I .2 .5 .4 .5 .6 .7 .8 .9 1.0
Longitudinal station, x/,l
Figure 8.- Effect of angle of attack on local pressure coefficients for
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© Pressure test results
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© Pressure test results
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Angle of attack, a, deg
Figure i0.- Concluded.
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